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Abstract
The functional annotation of proteins identified in genome sequencing projects is based on similarities
to homologs in the databases. As a result of the possible strategies for divergent evolution,
homologous enzymes frequently do not catalyze the same reaction, and we conclude that assignment
of function from sequence information alone should be viewed with some skepticism.
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The origins of homologous enzymes
3

	(4(	((	(.
	
0(@		
>	.
	0
	0
(@
('-   (
  	0	
02	0	00
'3	.

0>(	>5 #'
Substrate specificity is dominant
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Chemical mechanism is dominant
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Active-site structure is dominant
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Box 1 
A glossary for divergent evolution
Analogs: proteins that catalyze the same reaction but are not structurally related.
Homologs: proteins derived from a common ancestor. By definition, these are structurally related. 
Orthologs: homologs in different species that catalyze the same reaction.
Paralogs: homologs in the same species that diverged after speciation and do not catalyze the same reaction.
Family: a group of orthologous enzymes that catalyze the same reaction; often, they share more than 30% pairwise
sequence identity, but in some cases structural information may be required to detect their homology.
Specificity diverse superfamily: homologous enzymes that often have less than 30% pairwise sequence identity and
catalyze the same reaction with different substrate specificities. 
Mechanistically diverse superfamily: homologous enzymes, generally having less than 50% pairwise sequence iden-
tity, which catalyze different overall reactions with common mechanistic attributes. Such superfamilies also have con-
served active-site elements that perform these common mechanistic functions in all members of the superfamily.
Metabolically linked suprafamily: homologous enzymes that catalyze mechanistically distinct reactions in the same
metabolic pathways and have conserved active-site residues that perform different functions in different members of the
suprafamily.
Metabolically distinct suprafamily: homologous enzymes that catalyze mechanistically distinct reactions in different
metabolic pathways and have conserved active-site residues that perform different functions in different members of the
suprafamily.
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A mechanistically diverse ‘family’: different
oxidation reactions without significant sequence
divergence
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Mechanistically diverse superfamilies: different
reactions forming thioester enolate anions as
intermediates
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Figure 1
Different oxidation reactions from proteins of similar sequence: reactions catalyzed by members of the oleic-acid-oxidizing
‘family’.
	7


	:'3	
@
	(/	(;=%.
==<2 	
 0.	
( 	((	 	 

 	 
	 	
 @ ;=,=+<'   	(
  
(   ?>  
 > 0
(
	((G
	
	

(#++>	
(

	(

?
(#"+
		
	' 
(0 	 	 	
  
	
 
  	 	   	

  	   
@  
	0.0	> B5
A;=C<'
 /(0   	((	  
5 > (	

0G	( B5
A 	>.
DE0	(		
0	('
 	 >  4(   	((	


		@	
BA/(0.
	(4(	B
A5

 ;="=F<'3 	 
@  
  

 		@ 
0   .
	  	   	   


	 (	
  	   B5
A  

		.

@	
	'
 		((	

		@	
(	

(7)0(	 =: +.
	@


0 > 
@  (

 	
(( ;=$<2 ,C =+.
  	 >

@  #C.	 		 	 ;=*<2  
.


	5
>
@	5
.
	;,%<' 
0
0

(#++
(#"+		0( (.

0	(
(/
 	(   .	(0'
      	  	5
 
4(     
0 	 	 
(#++ 	

(#"+ (  2    	 	
	'


		@	(	
	
>  	((	   

 
( 7)0(	 =:
#+.	5
  > 
@ 	.
   	.	    ? 	
;,#<2 =.?
5
  	
 > 
@

0	.			?	.
 ;,=<2 ,=..
  	 > 
@
 #,.	 		 	 ;,,<2 	(

 
	G
 > 
@ ( 	 
	.	
0	 ;,+<2	

	>	0(	(.
 	   (?>  ;,C<' 3
	G
  	  
0  

(#++
(#"+	2	(


	G		
	
4 Genome Biology Vol 1 No 5 	

Figure 2
Different reactions catalyzed by members of a mechanistically diverse superfamily: reactions catalyzed by members of the
crotonase superfamily. 
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Mechanistically diverse superfamilies: different
reactions forming metal-coordinated enediolate
anions as intermediates
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Table 1
Members of the crotonase superfamily encoded by microbial
genomes, and the likely enoyl CoA hydratases 
Organism Number of members Number of likely enoyl 
of superfamily CoA hydratases
Aeropyrum pernix 3 3
Archaeoglobus fulgidus 10 6
Bacillus subtilis 7 3
Deinococcus radiodurans 6 4
Escherichia coli 7 3
Haemophilus influenzae 1 0
Mycobacterium tuberculosis 24 4
Pseudomonas aeruginosa 17 9
Synechocystis sp. 1 0
Vibrio cholerae 3 2
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Figure 3
Reactions catalyzed by homologs of (a) MR and (b) MLE in the enolase superfamily. See text for details.
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Figure 5
Reactions catalyzed by OMPDC and HUPS in a metabolically
distinct suprafamily. See text for details.
Figure 4
Reactions catalyzed by members of the metabolically linked
suprafamilies in the (a) tryptophan and (b) histidine
biosynthetic pathways.
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